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1
FRAME RATE CONVERSION APPARATUS
FOR 3D DISPLAY AND ASSOCIATED
METHOD

CROSS REFERENCE TO RELATED PATENT
APPLICATION

This patent application claims the benefit of U.S. Provi-
sional Patent Application No. 61/237,663 filed Aug. 27, 2009,
the entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to frame rate conversion, and
more particularly, to a frame rate conversion apparatus for
three-dimensional (3D) stereo display and associated
method.

BACKGROUND OF THE INVENTION

To correctly display an image with a display device, a
frame rate converter in the display device needs to first per-
form frame rate conversion supposing a frame rate from an
image source is different from that of the display device.
When the frame rate converter in the display device receives
image frames from the image source, the frames are first
stored to a plurality of built-in frame buffers, each provided
for temporarily storing a frame, and are then outputted from
the frame buffers to a display panel. The frame buffers func-
tion as a circular buffer. More specifically, supposing the
display device comprises n frame buffers buf, to buf, _,, the
display device stores the image frames from the source to the
buffers buf,, buf, .. .and buf, , in order, and again stores a
next image frame to the frame buffer buf,, after the frame
buffer buf, ; to overwrite the frame previously stored in the
frame buffer buf,, thereby storing the image frames in a
cyclical manner. In the event that the frame rate of the image
source (to be referred to as the input frame rate) is different
from the frame rate of the display device (to be referred to as
the output frame rate), an issue of frame tearing may be
incurred if an order of frame output follows frame input. For
example, when the output frame rate is greater than the input
frame rate, the output frames eventually “catch up” with the
input frames if frames are outputted from the frame buffers by
consistently following an order of the input frame buffers,
such that a same frame is being simultaneously inputted to
and outputted from a same frame buffer to result in frame
tearing. On the other hand, when the output frame rate is less
than the input frame rate, the above situation that the output
frames catching up with the input frame is eliminated. How-
ever, since the frame buffers operate in a cyclic manner, if the
frames are outputted by following the order of input frames,
the issue of a same frame being simultaneously inputted to
and outputted from a same frame buffer nevertheless occurs
since the input frames catch up to the output frames.

To avoid the issue of frame tearing, a solution provided by
the prior art is to output a frame by another frame buffer if a
next predetermined frame buffer is inputting a frame, so as to
prevent simultaneously inputting and outputting frames to
and from a same frame buffer. Yet, when images provided by
an image source are 3D images, other issues may arise when
a frame rate converter adopts the foregoing prior solution
although the issue of frame tearing is avoided.

Each 3D image is displayed by a frame pair, i.e., each
image frame has a left frame and a corresponding right frame.
From an image source that provides 3D images, a series of
frame pairs are provided in order, with the left frames and
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right frames alternately presented. Further, in a typical
approach, a left is presented before a right frame of a frame
pair. However, when the foregoing prior solution for avoiding
the issue of frame tearing is implemented for displaying 3D
images, a failure of alternately displaying left and right
frames may result, as shown in FIG. 1. In FIG. 1, suppose the
output frame rate is greater than the input frame rate, the
display device comprises four frame buffers buf, to buf;, and
the input frames are L1, R1, .2, R2,.3,R3,[4 ..., with L1,
L2 ... being left frames, R1, R2 . . . being right frames, and
(L1, R1), (L2, R2) . . . being frame pairs. The frame rate
converter respectively inputs the frames [.1, R1, .2, R2, .3,
R3,14, R4 . .. into the frame buffers buf,, buf}, buf,, buf;,
bufy, buf}, buf,, buf; . . . . Meanwhile, before the outputting
the frames, the frame rate converter determines which frame
buffer is being inputted (at time points indicated by arrows in
FIG. 1) to avoid the frame buffer that is being inputted, and a
frame buffer previously having been inputted is selected for
output. As observed from FIG. 1, after outputting the frame
R1, since the next frame [.2 is still being inputted to the frame
buffer buf, (at the time point indicated by an arrow 11), the
frame buffer buf, previously having been inputted is selected
to repeatedly output R1, such that an order of the outputted
frames is L1, R1, R1, L2, R2, L3, R3 . . . —an order of
alternating left and right frames is not maintained. Thus,
display effects of 3D images are undesirably affected.

SUMMARY OF THE INVENTION

In view of the foregoing shortcomings associated with the
prior art, it is an objective of the invention to provide a frame
rate conversion apparatus and associated method applied in a
3D display, so that an order of alternately displaying left and
right frames is preserved without causing an issue of frame
tearing when a display device displays 3D images.

A frame rate conversion apparatus for 3D display accord-
ing to the invention comprises: a storage unit; an input con-
troller, for inputting an input frame sequence to the storage
unit according to an input frame rate, the input frame
sequence comprising a plurality of frame pairs each having a
left frame and a corresponding right frame; and an output
controller, for alternately outputting one of the left frames and
one of the right frames from the storage unit according to an
output frame rate and left/right frame information associated
with the frame pairs in the storage unit to form an output
frame sequence.

A frame rate conversion method for 3D display comprises:
inputting an input frame sequence to a storage unit according
to an input frame rate, the input frame sequence comprising a
plurality of frame pairs each having a left frame and a corre-
sponding right frame; and alternately outputting one of the
left frames and one of the right frames from the storage unit
according to an output frame rate and left/right frame infor-
mation associated with the frame pairs in the storage unit to
form an output frame sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more readily apparent
to those ordinarily skilled in the art after reviewing the fol-
lowing detailed description and accompanying drawings, in
which:

FIG. 1 is a schematic diagram illustrating the prior art that
is unable to preserve alternate display of left and right frames;

FIG. 2 is a block diagram of a frame rate conversion appa-
ratus according to an embodiment of the invention;
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FIG. 3 is a schematic diagram illustrating how the frame
rate conversion apparatus in FIG. 2 preserves alternate dis-
play of left and right frame when an output frame rate is
greater than an input frame rate;

FIG. 4 is a schematic diagram illustrating how the frame
rate conversion apparatus in FIG. 2 preserves alternate dis-
play of left and right frame when an output frame rate is less
than an input frame rate; and

FIG. 5 is a flowchart of a frame rate conversion method
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 2 shows a block diagram of a frame rate conversion
apparatus according to an embodiment of the invention. A
frame rate conversion apparatus 20 comprises a storage unit
21, an input controller 22 and an output controller 23. The
frame rate conversion apparatus 20 is applicable in a display
device with 3D display capabilities. When a frame rate of a
3D image source is different from that of the display device,
the frame rate conversion apparatus 20 converts the frame rate
of'the 3D image source to the frame rate of the display device,
so as to allow the display device to normally display the 3D
images. For example, the input controller 22 inputs an input
frame sequence provided by the 3D image source according
to the frame rate of the 3D image source to the storage unit 21.
Being 3D images, the input frame sequence comprises a
plurality of frame pairs each having a left frame and a right
frame, which are alternately presented. The output controller
23 outputs an output frame sequence from the storage unit 21
according to the frame rate (the output frame rate) of the
display device. In order to maintain display quality of the 3D
images, the output frame sequence is formed by alternately
outputting left and right frames to avoid the issue of succes-
sively outputting right frames or left frames as in the prior art.
However, to operate in conjunction with recently popular 3D
stereo glasses in the recent years, although the output frame
sequence still alternately outputs left and right frames, two
left frames (or right frames) may be successively outputted
whenever outputting the left frame (or the right frame). For
example, for an input frame sequence of {L.1, R1, L2,
R2...},where L1,L2. .. are left frames and R1, R2 . . . are
right frames, a corresponding output frame sequence is then
{L1, L1, R1, R1, L2, 1.2, R2, R2 . . . }. Thus, the order of
alternately displaying left and right frames is preserved while
meeting operating requirements of 3D stereo glasses. A com-
mon application is that the input frame rate and the output
frame rate are respectively 120 Hz and 240 Hz. It is appreci-
ated from the above description that, for meeting operating
requirements of 3D stereo glasses and taking a difference
ratio between the input frame rate and the output frame rate,
although the output frame sequence alternately outputs left
and right frames, a left (or right) frame is successively out-
putted by a predetermined number of times every time the left
(or right) frame is outputted. The predetermined number of
times is dependent on the operating requirements of the 3D
stereo glasses and the difference ratio between the input
frame rate and the output frame rate.

The storage unit 21 comprises a plurality of frame buffers,
each of which for storing a left frame or a right frame. The
input controller 22 employs the frame buffers as a circular
buffer for sequentially inputting and storing the frames of the
input frame sequence. Further, to avoid the issue of frame
tearing when the output frame rate differs from the input
frame rate, the output controller 23 adopts a more flexible
approach to output frames rather than outputting the frames
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by entirely following the input frame sequence. More specifi-
cally, when the output frame rate is greater than the input
frame rate, to prevent the output controller 23 and the input
controller 22 from outputting from and inputting to a same
frame buffer, the frame previous having been outputted is
repeatedly outputted, and a subsequent frame is then only
outputted when the input controller 22 finishes inputting the
subsequent frame. When the output frame rate is less than the
input frame rate, the output controller 23 selectively outputs
frames by skipping a certain frame or certain frames so that it
is not caught up by the input controller 22. It is to be noted
that, in this embodiment, whether certain frames are repeat-
edly outputted or skipped, it is necessary that the output
controller 23 alternately outputs left and right frames accord-
ing to left/right frame information associated with the frames
in the storage unit 21, thereby upholding display quality of the
3D images.

In FIG. 2, the input controller 22 comprises an input timing
controller 221 and an input frame buffer controller 222. The
input timing controller 221 receives an input timing signal
from the 3D image source, and generates an input reference
signal that is transmitted to the frame buffer controller 222.
For example, the input timing signal may be an input hori-
zontal synchronization signal, an input vertical synchroniza-
tion signal, or an input data enable signal. The input frame
buffer controller 222 determines an input index representing
a frame buffer to be inputted according to the input reference
signal, and inputs the frame of the input frame sequence to the
frame buffer corresponding to the input index. For example,
the input timing controller 221 determines the frequency of
the input frame rate and an input time point of the frames, and
generates the input reference signal for indicating the time
point. The input frame buffer controller 222 then dynamically
adjusts the input index according to the time point indicated
by the input reference signal. For example, when the input
reference signal indicates that a next frame of the input frame
sequence is to be inputted, the input frame buffer controller
222 adjusts the input index to a next frame buffer.

The output controller 23 comprises an output timing gen-
erator 231 and an output frame buffer controller 232. The
output timing generator 231 generates an output timing signal
satisfying specifications of the display device, and generates
according to the output timing signal an output reference
signal that is transmitted to the output frame buffer controller
232. For example, the output timing signal may be an output
horizontal synchronization signal, an output vertical synchro-
nization signal or an output data enable signal. The output
frame buffer controller 232 can be aware left/right frame
information corresponding to the frames from the storage unit
21 according to the input index generated by the input frame
buffer controller 222. The output frame butfer controller 232
then determines an output index representing a frame buffer
to be outputted according to the output reference signal and
left/right frame information corresponding to the frames from
the storage unit 21, and outputs the frame of the output frame
sequence from a frame buffer corresponding to the output
index. For example, the output timing controller 231 deter-
mines the frequency of the output frame rate and an output
time point of the frames, and generates the output reference
signal for indicating the time point. The output frame buffer
controller 232 then dynamically adjusts the output index
according to the time point indicated by the output reference
signal and the input index from the input frame buffer con-
troller 222, so as to prevent simultaneously outputting a frame
while the input frame buffer controller 222 is inputting the
same frame.
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In the description below, when generating the output frame
sequence, in order to prevent the output controller 23 and the
input controller 22 from outputting from and inputting to a
same frame buffer, how the output controller 23 appropriately
selects a next frame buffer for outputting a right (or left) frame
after outputting a left (or right) frame from a certain frame
buffer is explained. In a preferred embodiment, the output
controller 23, after outputting a left frame, selects a frame
buffer that has been previously inputted with a right frame by
the input controller 22 to output the right frame. For example,
the output controller 23 selects a frame buffer to which the
input controller 22 most recently finishes inputting a right
frame to output the right frame. After outputting a right frame,
the output controller 23 selects a frame buffer that has been
previously inputted with a left frame by the input controller
22 to output the left frame. For example, the output controller
23 selects a frame buffer to which the input controller 22 most
recently finishes inputting a left frame to output the left frame.
Supposing the storage unit 21 comprises four frame buffers
buf, to buf;, and the input frame sequence is {1, R1, 2, R2,
L3,R3,[4...}, with L1, L2 ... being left frames, R1,
R2 ... being right frames, and (L1, R1), (L2, R2) . . . being
frame pairs. That is, in the input frame sequence, a left frame
is before a right frame within a same frame pair. Since the left
and right frames of the input frame sequence are inputted to
the frame buffers buf,, to buf; of the storage unit 21 by fol-
lowing a predetermined order, the output controller 23 is
allowed to determine left and right frame information corre-
sponding to time points of the frame buffers buf; to buf;
according to the predetermined input order of the input frame
sequence.

Two situations, namely the output frame rate being greater
than the input frame rate and the output frame rate being
smaller than the input frame rate, are described below.

The first situation where the output frame rate is greater
than the input frame rate is discussed next. The input control-
ler 22 inputs the frames L1, R1,1.2,R2,[.3,R3,[4... of the
input frame sequence to the frame buffers buf; to buf;, with
the frame buffer buf, being iterated after the frame buffer
buf,. When outputting frames, after the left frame L1 is input-
ted to the frame buffer buf, (i.e., it is inferred that the inputting
to the frame buffer buf,, is completed by determining the
frame buffer buf,is currently being inputted at a time point
indicated by an arrow 31), the output controller 23 starts to
output the frame L1 from the frame bufter buf,,. After each left
frame is outputted, it is determined which frame buffer is
being inputted (at time points indicated by arrows 32 to 37) to
avoid the currently being inputted frame buffer, and a frame
buffer to which the input controller 22 most recently finishes
inputting a right frame is selected to output the right frame, so
as to ensure that the left and right frames are alternately
outputted. It is observed from a time point indicated by the
arrow 33, after the output controller 23 outputs the right frame
R1 from the frame buffer buf, supposedly the left frame .2 is
to be next outputted. However, at this point, the frame buffer
buf, is still inputting the frame .2, and thus the output con-
troller 23 selects a frame buffer to which a left frame is most
recently inputted, i.e., the frame buffer buf,, that is inputted
with the frame L1, to repeatedly output the frame L1. At the
point when the frame L1 is repeatedly outputted, although the
frame 1.2 is inputted to the frame buffer buf, (at the time point
indicated by the arrow 34), the frame buffer buf, (the frame
buffer to which a right frame is mostly recently inputted) is
again selected to repeatedly output the frame R1, so as to
alternately output left and right frames. Therefore, a final
output frame sequence is .1, R1, L1, R1, L2, R2, [.3 . ...
Comparing FIG. 1 and FIG. 3, it is apparent that the invention
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is capable of preserving alternate display of left and right
frames while also preventing the issue of the frame tearing.

The second situation where the output frame rate is less
than the input frame rate is hereby discussed. Similar to the
first situation, the input controller 22 cyclically inputs the
frames of input frame sequence to the frame buffers buf; to
buf;, as shown in FIG. 4. When outputting frames, after the
left frame L1 is inputted to the frame buffer buf, (at a time
point indicated by an arrow 41), the output controller 23 starts
to output the frame L1 from the frame buffer buf,,. Similar to
the first situation, after each left (or right) frame is outputted,
it is determined which frame bufter is being inputted (at time
points indicated by arrows 42 to 47) to avoid the currently
being inputted frame buffer, and a frame buffer to which the
input controller 22 most recently finishes inputting a right
frame is selected to output the right frame. It is observed from
a time point indicated by the arrow 44, after the output con-
troller 23 outputs the left frame [.2 from the frame buffer buf,,
although the left frame L3 is inputted to the frame buffer buf,
(i.e., the frame buffer buf;, is a frame buffer to which a frame
is mostly inputted for both left and right sides), the output
controller 23 nevertheless selects a frame buffer to which a
right frame is most recently inputted to preserve alternate
display of left and right frames. Thus, a frame buffer buf; that
is most recently inputted with a right frame, i.e., the frame
buffer buf; that is inputted with the right frame [.2, is selected
to repeatedly output the right frame R2. In the above situation,
the solution of the prior art may select the frame buffer buf; to
output the left frame L3, thereby disturbing the order of
alternately displaying the left and right frames.

In the foregoing embodiment, the ratio of the input frame
rate to the output frame rate is not limited to an integral
multiple—the frame rate conversion apparatus of the inven-
tion is also applicable to situations where a ratio of the input
frame rate to the output frame rate is a fractional multiple.

In an input frame sequence, for adapting to a frame pair
with a right frame presented before a left frame, the left
frames and the right frames in the above embodiments are
swapped, and other details are apparent to a person skilled in
the art and shall not again be described for brevity.

Further, when an output frame rate is greater than an input
rate and an input frame sequence is 3D stereo video, if motion
interpolation for a corresponding output frame sequence is
desired to enhance smoothness of the video, left and right
frames generated from motion interpolation can be alter-
nately displayed according to the above embodiment to
enhance image effects of the 3D stereo video.

FIG. 5 shows a flowchart of a frame rate conversion method
applied to a display device for 3D display according to one
embodiment of the invention. In Step 51, an input frame
sequence is inputted to a storage unit according to an input
frame rate. The input frame sequence comprises a plurality of
frame pairs each having a left frame and a corresponding right
frame. In Step 52, an output frame sequence is outputted from
the storage unit according to an output frame rate and left/
right frame information corresponding to the frames in the
storage unit. The output frame sequence is formed by alter-
nately outputting one of the left frames and one of the right
frames.

In a preferred embodiment, the storage unit comprises a
plurality of frame buffers, each provided for storing one of the
left frames or one of the right frames. In Step 51, the frame
buffers, serving as a circular buffer, are inputted in order with
the frames of the input frame sequence. In Step 52, after
outputting one of the left frames, a frame buffer to which one
of the right frames is inputted in Step 51, e.g., a frame buffer
to which a right frame is inputted in Step 51, is selected for
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output. After outputting one of the right frames, a frame
buffer to which one of the left frames is inputted in Step 51,
e.g.,aframebuffer to which a left frame is inputted in Step 51,
is selected for output. Thus, it is prevented that Step 51 and
Step 52 simultaneously input and output a same frame buffer
while preserving alternate display of left and right frames.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not to be limited to the above embodiments. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:
1. A frame rate conversion apparatus for three-dimensional
(3D) stereo display, comprising:
a storage unit;
an input controller, for inputting an input frame sequence to
the storage unit according to an input frame rate, the
input frame sequence comprising a plurality of frame
pairs each having a left frame and a corresponding right
frame; and
an output controller, for alternately outputting one of the
left frames and one of the right frames from the storage
unit according to an output frame rate and left/right
frame information associated with the frame pairs in the
storage unit to form an output frame sequence,
wherein the output controller successively outputs one of
the left frames a predetermined number of times when
outputting the one of the left frames, and successively
outputs one of the right frames the predetermined num-
ber of times when outputting the one of the right frames,
wherein the output controller and the input controller do
not simultaneously output from and input to a same
frame buffer,
wherein the output controller selects a frame buffer to
which one of the right frames has been most recently
inputted by the input controller to output after outputting
one of the left frames,
wherein the output controller selects a frame buffer to
which one of the left frames has been most recently
inputted by the input controller to output after outputting
one of the right frames, and
wherein alternately outputting one of the left frames and
one of the right frames from the storage unit comprises
selectively skipping at least one frame of the input frame
sequence.
2. The frame rate conversion apparatus as claimed in claim
1, wherein the storage unit comprises a plurality of frame
buffers, each of which for storing one of the left frames or one
of the right frames.
3. The frame rate conversion apparatus as claimed in claim
2, wherein the output controller utilizes the frame buffers as a
circular buffer that is in order inputted with the input frame
sequence.
4. The frame rate conversion apparatus as claimed in claim
3, wherein the output controller selects a frame buffer to
which one of the right frames has been inputted by the input
controller to output after outputting one of the left frames.
5. The frame rate conversion apparatus as claimed in claim
3, wherein the output controller selects a frame buffer to
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which one of the left frames has been inputted by the input
controller to output after outputting one of the right frames.

6. The frame rate conversion apparatus as claimed in claim
1, wherein a ratio of the input frame rate to the output frame
rate is a fractional multiple.

7. A frame rate conversion method for three-dimensional
stereo display, comprising:

inputting an input frame sequence to a storage unit accord-

ing to an input frame rate, the input frame sequence
comprising a plurality of frame pairs each having a left
frame and a corresponding right frame; and
alternately outputting one of the left frames and one of the
right frames from the storage unit according to an output
frame rate and left/right frame information associated
with the frame pairs in the storage unit to form an output
frame sequence,
wherein the outputting step successively outputs one of the
left frames a predetermined number of times when out-
putting the one of the left frames, and successively out-
puts one of the right frames the predetermined number
of times when outputting the one of the right frames

wherein the inputting step and the outputting step do not
simultaneously input to and output from a same frame
buffer,
wherein the outputting step selects a frame buffer to which
one of the right frames has been most recently inputted
to output after outputting one of the left frames,

wherein the outputting step selects a frame buffer to which
one of the left frames has been most recently inputted to
output after outputting one of the right frames, and

wherein alternately outputting one of the left frames and
one of the right frames from the storage unit comprises
selectively skipping at least one frame ofthe input frame
sequence.

8. The frame rate conversion method as claimed in claim 7,
wherein the storage unit comprises a plurality of frame buff-
ers, each of which for storing one of the left frames or one of
the right frames.

9. The frame rate conversion method as claimed in claim 8,
wherein in the inputting step, the frame buffers are utilized as
a circular buffer for in order inputting the input frame
sequence.

10. The frame rate conversion method as claimed in claim
9, wherein the outputting step selects a frame buffer to which
one of the right frames has been inputted to output after
outputting one of the left frames.

11. The frame rate conversion method as claimed in claim
9, wherein the outputting step selects a frame buffer to which
one of the left frames has been inputted to output after out-
putting one of the right frames.

12. The frame rate conversion method as claimed in claim
7, wherein a ratio of the input frame rate to the output frame
rate is a fractional multiple.

13. The frame rate conversion apparatus as claimed in
claim 1, wherein the output controller alternately outputs in
response to an input timing signal received from an image
source and an output timing signal determined by a display
device.

14. The frame rate conversion method as claimed in claim
7, wherein alternately outputting comprises alternately out-
putting in response to an input timing signal received from an
image source and an output timing signal determined by a
display device.



